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Indian Standard 

CONVENTIONS CONCERNING 
ELECTRIC AND MAGNETIC CIRCUITS 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institution 
on 20 March 1980, after the draft finalized by the Electrotechnical 
Standards Sectional Committee had been approved by the Electrotechnical 
Division Council. 

0.2 Sign conventions are necessary to interpret a circuit equation. This 
standard covers the conventions concerning electric and magnetic circuits 
in the following two sections: 

Section 1 Conventions concerning the signs of quantities in electric 
and magnetic circuits in general 

Section 2 Conventions concerning electric and magnetic circuits 
under sinusoidal conditions 

0.3 The chief aim of Section I is to recommend: 

a) conventions on the meaning in a circuit of the positive or negative 
character of a current, voltage, electromotive force, electric charge 
and magnetic flux; and 

b) conventions on the methods of indicating in circuit diagram, by 
graphical symbols or by subscripts accompanying letter symbols, 
the sign conventions for the quantities mentioned in (a) above. 

0.3.1 In Section 1 no rule is given for associating the sign conventions of 
different quantities in the same circuit, nor for writing the equations of a 
complete network. Where sign conventions are indicated by arrows, no 
directive is given as to the form that the arrows should take. 

0.3.2 The quantities in question are usually functions of time. The 
conventions in Section 1 concern instantaneous values. They can be 
applied to complex quantities representing sinusoidal quantities, because for 
such quantities it is possible by means of simple rules to transform equations 
relating instantaneous values into those relating complex values. 

0.3.3 Section 1 gives examples of each recommended method of indica- 
ting the reference direction or reference polarity for quantities taken singly. 
More complicated examples, associating indications of the reference direc- 
tions or reference polarities of several quantities in the same diagram, are 
given in Appendix A. 
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0.4 Section 2 of this standard is aimed at covering conventions concerning 
electric and magnetic circuits under sinusoidal conditions. Throughout 
Section 2, time t is used as the independent variable, but this could be some 
other quantity. Sinusoidal quantities are expressed in the form of cosines, 
but the use of sines, with obvious consequent modifications, is not debarred. 
It should also be noted, the underlining of letter symbols signifies that they 
are to be taken as complex quantities ( see IS : 3722-1966* ). 

0.5 The text of Sections 1 and 2 contains the conventions themselves together 
with complementary remarks and additional notes. A commentary on these 
sections is given in Appendix A. To a reader of the conventions, this 
commentary gives an explanation of their scope, structure and meaning, of 
why they were chosen and how they should be used. 

0.6 In the preparation of this standard, considerable assistance has been 
derived from IEC Pub 375 ( 1972 ) ' Conventions concerning electric and 
magnetic circuits ' issued by the International Electrotechnical Commission. 



1. SCOPE 

1.1 This standard covers recommended conventions concerning electric and 
magnetic circuits. 

SECTION I CONVENTIONS CONCERNING THE SIGNS 

OF QUANTITIES IN ELECTRIC AND MAGNETIC 

CIRCUITS IN GENERAL 

2. CONVENTIONS CONCERNING ELECTRIC CURRENT 

2.1 Reference Direction of Current — The reference direction of the current 
in a branch or around a mesh is a direction fixed arbitrarily along the branch 
or around the mesh. A current is considered as positive when its direction 
corresponds to the reference direction. 

Notb — ' Positive direction ' may be used instead of ' reference direction '. 

2.2 Indication of the Reference Direction of the Current in a Branch — To 

indicate in a diagram the reference direction of the current in a branch, the 
two methods stated in 2.2.1 and 2.2.2 are recommended. 

2.2.1 First Method — An arrow having a direction corresponding to the 
reference direction is placed on or beside the line representing the branch 
conductor, or beside the branch. 



♦Specification for letter symbols and signs used in electrical technology. 

4 
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Examples: 



-L— 



IA 



IB 



IC 



Fig. 1 Indication of the Reference Direction of a 
Current by an Arrow 

2.2.2 Second Method — A double subscript is attached to the letter 
symbol for current, the succession of the subscripts being understood to 
correspond to the reference direction. 



Example: 



iab 



Fig. 2 Indication of the Reference Direction of a Current 
From a to b by a Double Subscript 

2.3 Indication of the Reference Direction of the Current Around a Mesh — 

To indicate in a diagram the reference direction of the current around a 
mesh, a curved arrow having a corresponding direction is placed in the mesh 
so as to follow its contour. 

Example: 




t'i •- — it. + ini 
i, — — hi + «'iii 
is = «'l 
t*4 — »'ri 

!"5 ■= — »'l + HI 

t'e ■» nil 



Fig. 3 Indication of the Reference Direction of 
Mesh Currents 

Note 1 — If mesh currents and branch currents both figure in the same diagram, 
the reference direction of branch currents shall be indicated by an arrow on the line. 

Note 2 — The branches indicated in Fig. 1 , 2 and 3 can represent two-polef of any 
kind, including current sources and voltage sources. 
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3. CONVENTIONS CONCERNING VOLTAGE (TENSION) 

3.1 Polarity of a Voltage — The polarity of a voltage between two points is 
a term used to express which of the points has the higher potential. 

3.2 Reference Polarity of a Voltage — The reference polarity of a voltage 
between two points is a polarity fixed arbitrarily for the two points. A 
voltage is considered as positive when its polarity corresponds to the 
reference polarity. 

Note — ' Positive polarity * may be used instead of ' reference polarity '. 

3.3 Reference Direction of a Voltage — The reference direction of a voltage 
between two points is a direction fixed arbitrarily from one point to the 
other. A voltage is considered as positive when the line-integral of the 
corresponding electric field intensity, taken between the two points in the 
reference direction, is positive. 

Note — ' Positive direction ' may be used instead of ' reference direction '. 

3.4 Indication of the Sign Convention of a Voltage — To indicate in a 
diagram the sign convention of a voltage between two points, the three 
methods stated below are recommended. 

3.4.1 First Method — The reference polarity is indicated by reference 
signs + and — placed beside the points, with the + sign corresponding to 
the higher potential. If there is no risk of confusion, the — sign can be 
omitted. 



Example 1 : 



4A 4B 4C 

Fig. 4 Indication of the Reference Polarity of a Voltagb 
by -f- and — Signs 

Note — In the case of a diagram having one or more nodes at which several 
branches meet, it is recommended that the reference signs + and — be arranged so that 
one of the strokes is parallel to the branch to which the sign corresponds ( $tt Example 2 ). 
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Example 2: 




Note — If in the case where direct voltages are concerned there is any risk of confu- 
sion, symbols + and — are used to indicate reference polarity, the reference signs being 
enclosed within brackets. 

Fig. 5 Indication of the Reference Polarities of the 
Voltages at A Node 

3.4.2 Second Method — The reference direction is indicated by an arrow 
placed between the points and having a corresponding direction. 

Note — As a consequence of the definition of the reference direction of voltage given 
in 3.3, the tail of the arrow corresponds to the.ihigher potential. 

Examples: 



6A 



6B 



<C 



Note — The use of the arrow with its head at the point of higher potential is not 
recommended. This method is, however, often employed. If an author wishes to use 
it, he should make this clear in his text. 

Fig. 6 Indication of the Reference Direction of a Voltage 

by an Arrow 



3.4.3 Third Method— A double subscript is attached to the letter symbol 
for voltage, the first subscript being understood to correspond to the + 
reference sign or to the tail of the arrow. 
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Example: 



"ab 



Fig. 7 Indication of the Reference Polarity of a Voltage or 

its Reference Direction ( Corresponding to the + Sign or 

the Tail of the Arrow at a ) by a Double Subscript 

Note 1 — The three methods described for the indication of the sign convention of 
the voltage between two points lead to the following equivalent relations for a given 
path: 

(•head 

E.ds 



f E.ds « I 



w»b ■» I E.ds 



1J 



These expressions reduce respectively to 

a = v + — v ~ _ DU11 _ „ hea(I 

or 

Kab = fl» — l>b 

where the concept of potential can properly be applied. 

Note 2 — The branches indicated in Fig. 4, 5, 6 and 7 can represent two-pole of any 
kind, including voltage sources and current sources. 

4. CONVENTIONS CONCERNING ELECTROMOTIVE FORCE 

4.1 Polarity and Direction of an Electromotive Force 

4.1.1 The polarity of an electromotive force is considered to be the 
polarity of the voltage that results from it on open circuit. 

4.1.2 The direction of an electromotive force is considered to be the 
direction of the current that results from it in a closed resistive circuit. 

4.2 Reference Polarity and Reference Direction of an Electromotive Force 

4.2.1 The reference polarity of an electromotive force is a polarity fixed 
arbitrarily. An electromotive force is considered as positive when its 
polarity corresponds to the reference polarity. 

Note — ' Positive polarity ' may be used instead of ' reference polarity '. 

s 
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4.2.2 The reference direction of an electromotive force is a direction fixed 
arbitrarily. An electromotive force is considered as positive when its 
direction corresponds to the reference direction. 

Note — ' Positive direction ' may be used instead of ' reference direction '. 

4.3 Indication of the Sign Convention of an Electromotive Force — To 

indicate in a diagram the sign convention of an electromotive force between 
two points, the three methods stated below are recommended. 

4.3.1 First Method — The reference polarity is indicated by reference 
signs + and — placed beside the points, with the + sign corresponding to 
the higher potential. If there is no risk of confusion, the — sign may be 
omitted. 



Examples: 




o 



8B 

Fig. 8 Indication of the Reference Polarity of an 
Electromotive Force by + and — Signs 

4.3.2 Second Method — The reference direction is indicated by an arrow 
placed beside or within the symbol and having a corresponding direction. 

Note — As a consequence of the definition of the direction of an electromotive force 
given in 4.1, the tail of the arrow corresponds to the lower potential. 

Examples: 



Ol- G 



9A 



9B 



Fig. 9 



Indication of the Reference Direction of an 
Electromotive Force by an Arrow 



4.3.3 Third Method— A double subscript is attached to the letter symbol 
for electromotive force, the first subscript being understood to correspond 
to the — reference sign or to the tail of the arrow. 
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Example: 



t d 



o 



ba 



• 6 

Fig. 10 Indication of the Reference Polarity of an 

Electromotive Force or its Reference Direction 

( Corresponding to the — Sign or the Tail of 

the Arrow at b ) by a Double Subscript 

Note 1 — The three methods described for the indication of the sign convention of 
the open-circuit electromotive force between two points lead to the following equivalent 
relations: 

e » »+ — 8- «■ Phead — Stall 

or 

Ibh •» j>» — Vt, 

where the concept of potential can properly be applied. 

Note 2 — The graphical symbol for a voltage source is under consideration. 

5. CONVENTIONS CONCERNING THE CHARGE OF A 
CAPACITOR 

5.1 Reference Polarity of the Charge of a Capacitor — The reference 
polarity of the charge of a capacitor is a polarity fixed arbitrarily for the 
two electrodes of the capacitor. The charge of a capacitor is considered as 
positive when its polarity corresponds to the reference polarity. 

Note — ' Positive polarity ' may be used instead of ' reference polarity '. 

5.2 Indication of the Reference Polarity of the Charge of a Capacitor — 

To indicate in a diagram the reference polarity of the charge of a capacitor, 
reference signs + and — are placed beside the two electrodes, the + sign 
corresponding to the positive charge. If there is no risk of confusion, 
the — sign may be omitted. 



Examples: 



"T 'T 



MA MB 

Fig. 11 Indication of the Reference Polarity of the 
Charge of a Capacitor 

10 
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6. CONVENTIONS CONCERNING MAGNETIC FLUX 

6.1 Reference Direction of a Magnetic Flux — The reference direction of the 
magnetic flux in a magnetic circuit is a direction fixed arbitrarily around 
the circuit. A magnetic flux is considered as positive when its direction 
corresponds to the reference direction. 

Note — ' Positive direction ' may be used instead of * reference direction '. 

6.2 Indication of the Reference Direction of a Magnetic Flux 

6.2.1 To indicate in a diagram the reference direction of the magnetic 
flux in a magnetic circuit, an arrow having a corresponding direction is 
placed along the circuit. 

Example: 




Fig. 12 Indication of the Reference Direction of the 
Magnetic Flux in a Magnetic Circuit 

6.2.2 To indicate in a diagram the reference direction of the magnetic 
flux in a magnetic circuit linked by an electric circuit, an arrow indicating 
the direction of the current that produces positive flux is placed on or 
beside the line representing the conductor of the electric circuit. 



Example: 



±-~ 



Note — In the case of multi-branched magnetic circuits, the rules for the indication 
of die reference directions of electric currents {see 2) can also be used for magnetic 
fluxes. 

Fig. 13 Indication of the Reference Direction of the 

Magnetic Flux in a Magnetic Circuit Linked by an 

Electric Circuit 



11 
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7. CONVENTION CONCERNING MUTUAL INDUCTANCE 

7.1 The mutual inductance of two magnetically coupled electric circuits, 
for each of which the reference directions of the electric current and of the 
associated magnetic flux are so fixed that positive current produces positive 
flux, is considered as positive if an increase of current in one circuit 
produces an increase of the flux associated with the other circuit. 



Example: 



a » ■. /■■ ■ ■< • 






Fig. 14 Mutual Inductance of Two Magnetically 
Coupled Electric Circuits 

8. INDICATION OF THE CORRESPONDENCE BETWEEN THE 
VOLTAGE POLARITIES OF COUPLED ELECTRIC CIRCUITS 

8.1 Indication of the Correspondence Between the Voltage Polarities of 
Several Windings on the Same Branch of a Magnetic Circuit — To indicate in 
a diagram the correspondence between the instantaneous polarities of the 
voltages of several windings placed on the same branch of a magnetic 
circuit, a dot is put near one end of one of the windings; and for each of 
the other windings a dot is put near that end which, during a change of the 
common magnetic flux, presents the same instantaneous polarity as that of 
the end originally selected. 

Examples: 





Fig. 15 Indication of the Correspondence Between the 
Voltage Polarities op Two Magnetically Coupled 
Windings. The Equations are Valid Only for the 
Case of Small Leakage and Negligible Loss 

12 
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8.2 Indication of the Correspondence Between Voltage Polarities at the Parts 
of a Gyrator — To indicate in a diagram the correspondence between the 
instantaneous polarities of the voltages at the ports of a gyrator, one termi- 
nal of one port is chosen and an arrow is drawn from this terminal to that 
terminal of the other port which has the same instantaneous polarity, if the 
instantaneous power through the gyrator has the direction from the first 
port to the second. The arrow may be replaced by a cross to represent its 
tail, and a dot to represent its head. 

Examples: 



i 

+ 


X 


'2 ^ 
+ 1 

n 


"1 




)C 


}2 - 


~i 




_ i 
1 *-j 






, •. i 


u 
u 


1 " n ' a r > 


. r > 




I6A 


I6B 




f • * — 1 


if 

A — *""• 




i i U 2 

i _ 

L.^ 1 


* 






"i ! 



«a 



r>0 



a^ = — rt{ 

I6C 
Note — A double line graphical symbol for a gyrator is under consideration. 

Fig. 16 Equivalent Indications for the Same Gyrator of the 

Correspondence Between the Voltage Polarities at the 

Ports. (The Direction of the Power Through the 

Gyrator is Towards the Resistance ) 

9. CONVENTIONS CONCERNING POWER 

9.1 Direction of a Power — The direction of a power is considered to be the 
direction of the corresponding energy transfer. 



13 
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9.2 Reference Direction of a Power — The reference direction of a power that 
leaves or enters a delimited region, or is associated with a transmission line, 
is for each case a direction fixed arbitrarily. A power is considered as 
positive when its direction corresponds to the reference direction. 

Note — ' Positive direction ' may be used instead of ' reference direction \ 

9.3 Indication of the Reference Direction of a Power — The reference direc- 
tion of a power is indicated in a diagram by an arrow having a correspon- 
ding direction. In the case of a region, the arrow is applied to the region, 
which may be delimited by a dotted line. In the case of a transmission line, 
the arrow is placed with the group of line conductors. 

Examples: 

y 
/ 
I 
I 



• 

«. p 



I7A I7B 

Fig. 17 Indication of the Reference Direction of a Power 

SECTION 1 CONVENTIONS CONCERNING ELECTRIC 

AND MAGNETIC CIRCUITS UNDER SINUSOIDAL 

CONDITIONS 

10. CONVENTION CONCERNING THE COMPLEX REPRESEN- 
TATION OF SINUSOIDAL QUANTITffiS 

10.1 The sinusoidal quantity 

a = a cos ( at + a ) = A V 2 cos ( <at + a ), 
with d and to positive, can be represented: 

a) When an indication of time-dependence is not required, by: 

1) the complex amplitude^ = de Jcl ' 

2) the complex root-mean-square value A = A e Jet ' 

b) When an indication of time-dependence is required, by: 

3) the complex instantaneous value a = de^*° + a ) 

Note 1 — Complex quantities (1) and (2) are preferred when dealing 
with sinusoidal quantities all of the same period, and complex quantity (3) 
when dealing with sinusoidal quantities having different periods. 

Note 2 — Sinusoidal quantities can be derived from complex quantities 
by means of the relations: 

a** Re (a «>>' ) - y/The ( A e>0 = Re (a ). 

14 
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11. CONVENTION CONCERNING THE COMPLEX REPRESENTA- 
TION OF OPERATORS 

11.1 The operator that transforms the sinusoidal quantity 

a — & cos ( at -f a ) = A y/2 cos ( tat + a ) 
into the sinusoidal quantity of the same period 

b = $cos(cof + p) •= B V~2~cos((i)f + p) 
with &, b and to positive,, may be represented by the complex quantity: 



d 



Note — The relations: 



A 



~ a ~ A a 



link the complex representation of the operator to the complex representation of the 
sinusoidal quantities. 

12. CONVENTION CONCERNING THE GEOMETRIC REPRESEN- 
TATION OF COMPLEX QUANTITIES 

12.1 Complex quantities such as: 

X^Xe j Krx = xe H<at + ^ 

with X, x and « positive, must be represented in the complex plane by a 
fixed ' vector ' for X and by a rotating ' vector ' for z. The positive direc- 
tion for angles is counterclockwise. Angles differing between themselves by 
integral multiples of 2u rad are equivalent 

Note 1 — As a consequence, the positive imaginary semi-axis is located at i * rad in 
the counterclockwise direction with respect to the positive real semi-axis. 
Note 2 — The term ' vector ' has been chosen in default of a standard nomenclature. 

Examples: 



lm(X) 




Fixed 'vector' X*=XtJ* 
I8A 



Re(x) 
Rotating ' vector •*—£#■'(<*' + *) 



18B 



Fig. 18 Geometric Representation of Complex Quantities 

15 
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13. CONVENTION CONCERNING PHASE DIFFERENCE 

13.1 The phase difference <j>ab of the sinusoidal quantity 

a — d cos ( v>t + a ) 
with respect to the sinusoidal quantity of the same period 

b «= b cos ( at + p ) 

with d, b and a> positive, is expressed by the equation 

To* — a — £ 

The phase difference q> o6 represents the ( phase ) lead of a on b and the 
( phase ) lag of b on a. 

Note — It is preferred to use the designation ' ( phase ) lead ( lag ) of a on b ' only 
when the phase difference f a j, reduced to a value between — tt rad and + ir rad after 
the contingent subtraction or addition of an integral multiple of 2 « rad, is positive 
( negative ). 

Examples: 





.0 

i 

'/" 

i 

i 


a 

j- ^ 

i °, 


\ 


b 








i 


— i — ' 


A 


V \ 




f t 




i 


' ,i 


. 


\ > 








u 


a i 










•m — 


J ] 

-~« *— < 


H 1 - 






.j ' ' 




a-p;* Qb 



I9A 



I9B 



Quantity a leads quantity b by <p a b- 

With a. — T ' B n rad and = ^ n rad, then 9„j = a' — P •= i n rad. 

Fig. 19 Two Sinusoidal Quantities Having a Phase Difference. 

The Positive Direction of Angles is Opposite to the Positive 

Direction of / — ( Contd ) 
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«<P <P Q b, fab^-Z^ 



I9C 



I9D 



Quantity a leads quantity b by $„». 

With « = — Jit rad and P =s fit rad then ^ a j> = a — & = — in rad. 

It is thus negative and greater than is rad in absolute value. With «p a j + 2n rad 
>= |it rad, it is preferred to say: quantity a leads quantity b by Jts rad. 

Fig. 19 Two Sinusoidal Quantities Having a Phase Difference. 
The Positive Direction of Angles is Opposite to the Positive 

Direction of t 



14. CONVENTIONS CONCERNING POWER 



14.1 Reference Direction of Power ( Instantaneous, Active and Reactive ) — 

In circuits under sinusoidal conditions, the reference direction of power is 
so fixed that the instantaneous power is equal to the product of the 
instantaneous voltage and the instantaneous current. This direction is also 
the reference direction of active and reactive power. 

17 
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Examples: 



p—ui 



• ■ " • . — 



20A 



2QB 



Fig. 20 Reference Direction of Power Under 
Sinusoidal Conditions 

Note 1 — This convention leads to the following expression for active power: 
P - Re ( UI* ) - Re ( U*I) - Ctfcos f , 
in which 9 represents the phase difference of u with respect to j. 

Note 2 — According to this convention a positive value of P indicates that the direc- 
tion of the active power corresponds to the reference direction of power. 

14.2 Sign of Reactive Power — The positive sign is given to the reactive 
power absorbed by an inductor. 

Note — This convention leads to the following expression for reactive power: 
fi= Im (UI* ) - - Im (U*I) - Wsin ,>, 
in which 9 represents the phase difference of u with respect to *'. 

14.3 Direction of Reactive Power — Reactive power is considered to have a 
direction which results from the convention that a capacitor produces it 
and an inductor absorbs it. 

Note — According to this convention a positive value of Q indicates that the direc- 
tion of the reactive power corresponds to the reference direction of power. 

14.4 Complex Power Complex Apparent Power — The expression 

S-*P + jQ= UI* 
is called the complex power ( or complex apparent power ). 

Note 1 — The geometric representation of this power should conform to 12. 

Note 2 — In the case where, in dealing with operation at a given voltage, the direc- 
tion of the voltage ' vector * is taken as the positive semi-axis of the active power the 
expression 

S*-P-jQ.-U*I, 

may be used so that the ' vectors ' representing the current I and the complex con- 
'ugate power S* have the same direction. 
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2IA 



2IB 




2IC 

Fig. 21 Complex Quantities ( Power, Current, Voltage, Impedance ) 

Relating to an Impedance for Which the Reference 

Directions are Given in Fig. 22. 

The Angle <f> is the Same in All Three Figures 



p. ft 



1 

Z 

J 



Fig. 22 Reference Directions ( Current, Voltage, 

Active and Reactive Power ) for an Impedance to 

Which Fig. 21 Corresponds 
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APPENDIX A 

( Clauses 0.3.3 and 0.5 ) 

COMMENTARY 



A-l. GENERAL 



A-1,1 Circuit Concept — An electric circuit may be considered as an inter- 
connection of ' black boxes '. With the ' black box ' concept only those 
properties are considered that may be observed from the outside; no 
account is taken of what goes on inside. The electric field external to 
' black boxes ' is considered to be irrotational, so that node potentials exist 
and Kirchhoff's loop equations may be applied. The only quantities that 
may be observed external to a ' black box ' are the currents at the terminals 
and the potential differences or voltages between terminal pairs. Such a 
' black box ' yields relations, determinable by measurement, between the 
currents and the voltages. The conventions are not concerned with these 
relations, although some of them appear in the examples. 

Two ideal two-terminal ' black boxes ' must be cited. They are: 

a) ( ideal ) current source, in which the current is independent of the 
terminal voltage; and 

b) ( ideal ) voltage source, in which the terminal voltage is indepen- 
dent of the current. 

A-1.2 Direction or Polarity and Sign — The second sentence of 2.1 speaks 
of the direction of a current and the sign of a current. The word ' current ' 
in these two expressions has different meanings. The physical phenomenon 
of ' electric current ' in a conductor has a direction. The physical quantity 
' current ' is a scalar and has a sign. Analogous observations may be made 
about voltage ( tension ), electromotive force, charge of a capacitor, magne- 
tic flux, and power: the phenomena have direction or polarity, the quantities 
have sign. It has been deemed unnecessary in the conventions to make 
explicit the distinction between phenomena and quantities. 

A-1.3 Reference Direction and Reference Polarity — Those clauses of the 
conventions which deal with reference directions and reference polarities 
contain two statements: a definition and a convention. In 2.1, for example, 
the reference direction of a current is first defined, and then follows a con- 
vention concerning its sign. The two statements could be combined by 
using the expression ' positive direction ' instead of ' reference direction \ 
But such a method would not demonstrate clearly the fact that the clause 
contains both a definition and a convention. For current, which enjoys 
universal agreement as to the indication of its sign convention, this is un- 
important; but in other cases, for which such agreement is lacking, the 
distinction between definition and convention makes^ for clarity. For the 
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sake of uniformity, however, the double statement is made for current as 
well as for the other quantities. 

A-2. COMMENTARY ON CLAUSE 2: CONVENTIONS CONCERN- 
ING ELECTRIC CURRENT 

A-2.1 Symbols with double subscripts for the current in parallel branches 
shall be so used as to avoid ambiguity, as shown in Fig. 23. 

Example'. 

'ab 



Fig. 23 Indication of the Reference Direction of Current by 
a Double Subscript for the Case of Two Parallel Branches 

In general it is unnecessary actually to write double-subscript symbols 
into a circuit diagram. When nodes are identified in the diagram by letter 
or numbers, the meaning of a symbol with a double subscript is quite 
clear, as is shown by the example in Fig. 24. 

Example: 




«»a + «sa + «'«a =* 

Fig. 24 Indication of the Reference Direction of Current by 
a Double Subscript for the Case of a Star Connection 
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A-3. COMMENTARY ON CLAUSE 3: CONVENTIONS CONCERN- 
ING VOLTAGE ( TENSION ) 

A-3.1 It is common to speak of the polarity of a battery. The polarity 
is described by specifying which pole of the battery has the higher potential. 
This pole is marked with the sign + ( plus ), the other with the sign — 
(minus). If only irrotational electric fields are included, as is the 
case in the conventions here concerned, it is possible to extend the use of 
the word ' polarity ' and of the + and — signs to any branch of a circuit and 
indeed to any pair of nodes, whether they are branch terminals or not. 
The polarity always expresses which of two points having a potential 
difference is the one with the higher potential; this point is marked -J-, the 
other is marked — . 

Just as for the current in a conductor it is common practice to use 
an arrow not only to indicate the direction of a direct current but also the 
reference direction of an alternating current, so it is possible in the case of 
the voltage between two points to use the + and — signs to indicate either 
the polarity of a direct voltage or the reference polarity of an alternating 
voltage. If there is any doubt as to the two points to which the voltage 
refers, the points may be joined by a double-headed arrow, the -f- and — 
reference signs being retained, as shown in Fig. 25. 

Example: 

+ ♦ 



- • 

Fig. 25 Indication of the Points to Which a Voltage 
Refers by a Double-Headed Arrow 

A-3.2 The sign convention may also be indicated by an arrow; the arrow is 
then said to indicate the reference direction. The voltage between two 
points is considered as positive when the potential of the point near the tail 
of the arrow is higher than that of the point near the head, which is 
expressed analytically as follows: 

«>0whenv, all >v llead> 
which leads to 

«- v tail ~ v bead. 
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This convention is justified by the correspondence of the reference 
direction of the voltage with the direction in which the line-integral of the 
electric field intensity is taken. 

Note — To indicate the sign convention of a voltage, some authors use an arrow 
directed in a sense opposite to that recommended. For this, 

« — »h«*d — »ttll. 
These authors justify the method of associating the arrow head with positive polarity 
for both voltage and electromotive force as being in the interests of uniformity, and also 
because drawing an arrow in the direction of an increase of potential conforms with 
the common practice of drawing an arrow along a coordinate axis in the direction of 
increase of the coordinate. 

This method of drawing arrows is not recommended. 

A-3.3 Figure 26 gives an example (the dual of that in Fig. 24) for 
double-subscript symbols not written into the circuit diagram. 

Example: 

a r , b 



f»u + Hue + «•» ' 




Fig. 26 Indication of the Sign Convention of Voltage by a 

Double Subscript for the Case of a Delta Connection 

A-3.4 Examples of the association of the reference direction of current and 

the reference polarity or reference direction of voltage in a branch are 

given in Fig. 27. 

Examples: 






j 



R 



~1 






J 



u = Ri 
27A 



u = Ri 
27B 



UmiRi 

27C 



b 

U»b «= i?f»b 
27D 



Fig. 27 Association of the Reference Indications of Current 
and Voltage for a Resistor 
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A-4. COMMENTARY ON CLAUSE 4: CONVENTIONS CONCERN- 
ING ELECTROMOTIVE FORCE 
A-4.1 The conventions retain the concept of electromotive force despite the 
fact that it is rejected by some schools of thought. 

The relation between the method of indicating the reference direction 
of an electromotive force by an arrow and of indicating the reference 
polarity by ■+- and — signs is the opposite of that recommended for voltage. 
Considering potentials, if an electromotive force and a voltage are both 
positive, the arrow for the electromotive force points in the direction of 
potential rise, while the arrow for the voltage points in the direction of 
potential fall. 

The relation between the voltage « and the electromotive force e of a 
voltage source is shown by the examples in Fig. 28. 
Examples: 



O •€)■ -lOj- O 



e = a 
28A 



e = a 
28B 



e ** u 
28C 



28D 



Fig. 28 Relations Between the Reference Indications of 
Electromotive Force and Voltage of a Voltage Source 

A-5. COMMENTARY ON CLAUSE 5: CONVENTIONS CONCERN- 
ING THE CHARGE OF A CAPACITOR 

A-5.1 Examples of the association for a capacitor of the reference direction 
of current, the reference polarity of charge, and the reference polarity or 
reference direction of voltage are given in Fig. 29. The reference polarities 
should preferably be the same for both charge and voltage, as shown in 
Fig. 29A and 29B. 

Examples'. 



1* 
T 



T 



■J 



1--, 



,_£.,_ CW --j-,,-C i-£„-Cu 

29A 29B 29C 

Fig. 29 Association of the Reference Indications of Charge, 
Current and Voltage For a Capacitor 
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CONVENTIONS CONCERN- 



A-6.1 Figure 30 gives examples of the association for a loss-free inductor of 
the reference direction of magnetic flux, the reference direction of current, 
and the reference polarity or reference direction of voltage. The reference 
directions of current and flux should preferably correspond as do the direc- 
tion of rotation and the direction of advance of a right-handed screw, as is 
shown in Fig. 30A and implied in Fig. 30B and 30C. 

Examples: 



i 











» ■ 

+ 


L ( 


— ' 


i 




u 


N( 


— ' 
. 


i 
i 











JV0' - Li 
30A 

> " ■> — ■ 
+ 

u L 



rf0 
30B 



d0 



dt 



0-=It 



0' 



dt 
-Li 



JV ■» Number of turns ' «- flux per turn = flux linkage 

30C 30D 

Fig. 30 Association of the Reference Indications of Magnetic 
Flux, Current and Voltage for an Inductor 

A-7. COMMENTARY ON CLAUSE 7: CONVENTION CONCERNING 
MUTUAL INDUCTANCE 

A-7.1 The condition that, for each electric circuit, the reference directions 
of the electric current and of the associated magnetic flux are so fixed that 
positive current produces positive flux, is as much as to say that the energy 
supplied to the two circuits is given by the expression: 
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The sign of the mutual inductance remains indefinite so long as the 
reference directions of current and flux for the two circuits have not been 
fixed. If the reference directions of h and fa, or of i t and $ a , are reversed, 
so also will be the sign of the mutual inductance. 

It would be possible to take M as always positive, and write the circuit 
equations with — M when 8^j/8/|, was negative; but this convention has not 
been chosen. The convention adopted has the advantage of leading to the 
same set of equations whatever the sign of 8^j/8f 2 , so that the equations 
remain unchanged even when 8^/8/, varies continuously through a change 
of sign, a condition that may occur in a variable mutual inductor. 

An example of the relations between voltages and currents in two 
magnetically coupled loss-free electric circuits is given in Fig. 31, and the 
associated equations. The example shows that, to determine the sign of 
the mutual inductance, instead of fixing for each circuit the reference direc- 
tions of the current and of the associated magnetic flux, it is equally possible 
to fix for each circuit the reference direction of current and the reference 
polarity or reference direction of voltage. If they are so fixed that the power 
supplied to the circuits may be written: 

P — h u x -f- i a u 3 , 

then the relations are: 

t di, , .. du , 



\r dU . r di. 



Example: 




Fio. 31 Mutual Inductance of Two Magnetically Coupled 
Electric Circuits 

A-8. COMMENTARY ON CLAUSE 8: INDICATION OF THE COR- 
RESPONDENCE BETWEEN THE VOLTAGE POLARITIES OF 
COUPLED ELECTRIC CIRCUITS 

A-8.1 The correspondence between voltage polarities due to a change of 
the common magnetic flux may be determined by applying current to one 
only of the windings, leaving the other windings open. 
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Dots may also be used to indicate the sign of mutual inductance, as 
shown in Fig. 32. 

Examples: 



'•— * — 



m * 



ii 



M^O 



M^O 




— flux linkage 0' — flux per turn 

32A 32B 

Fig. 32 Indication of the Sign of the Mutual Inductance 
of Two Magnetically Coupled Windings 

Note — Just as an arrow may be used to indicate the direction of a direct current 
and also to indicate the reference direction of a variable current, so dots may be used to 
indicate the correspondence between the voltage polarities of an actual transformer ( or 
of windings with fixed coupling) and also to indicate a reference correspondence bet- 
ween the voltage polarities of an unspecified transformer ( or of windings with variable 
coupling ) . The convention relating to dots concerns only the former case. 

A-8.2 Figures 15 and 32 give examples of the use of dots for two coupled 
windings. A more elaborate example is shown in Fig. 33. 

Example: 



U 



•tv • 



• />• 



T 



Fig. 33 Use of Dots in the Case of a Transductor 
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A-8.3 An ( ideal ) gyrator ( see 8.2 ) is linear, loss-free, anti-reciprocal 
two- port defined by the equations given with Fig. 16 (A gyrator may 
be approximately realised by a metadyne and, in microwave technology, 
by a waveguide containing ferrite in a permanent magnetic field ). The 
direction of the power through a gyrator is that of the energy transfer when 
the second port is connected to a resistance R. Then, for Fig. 16A and 
16B: 



from which 



and for Fig. 16C: 



from which 



Uj = XWg, 



u 2 * >U ' 



wi - Rii 



m R 

Note — A remark similar to the preceding one, concerning the use of dots to indi- 
cate a reference correspondence, applies to the use of an arrow, or of a cross and a dot, 
to indicate the reference correspondence between the voltage polarities at the ports of 
an unspecified gyrator. 

A-9. COMMENTARY ON CLAUSE 9: CONVENTIONS CONCERN- 
ING POWER 

A-9.1 Examples of the association for a transmission line of the reference 
direction of power, the reference direction of current, and the reference 
polarity or reference direction of voltage are given in Fig. 34. 

Examples: 











+ 






+ 


u - 


P _ 




»JL 


~ 






- 


p m ui 




P 


w — ui 


34A 






34B 



Fig. 34 Association of the Reference Indications of Power, 
Voltage and Current for a Transmission Line 
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A-10. COMMENTARY ON CLAUSE 10: CONVENTION CONCERN- 
ING THE COMPLEX REPRESENTATION OF SINUSOIDAL 
QUANTITIES 

A-10.1 The condition that w is positive is imposed to obtain a univalued 
complex amplitude. This condition expresses that the rule of 10 may be 
applied to find the complex amplitude only if the coefficient of / in the 
argument of the cosine is positive. It may be shown as follows that if this 
condition is not fulfilled there will be an ambiguity. Given the equality 

& COS ( co?-fa ) = d COS {( — a) t — a}, 

then without the condition specified the rule of 10 may be applied to both 
members of the equality. The first member yields the complex amplitude 

& e ~~ J ", the second yields d e ~~ J a . 

The condition that a is positive is necessary in order that a shall be 
the modulus and a the argument of the complex amplitude. 

Note — The condition for a is not needed to obtain a univalued complex, amplitude. 
Given the equality. "" 

■*> ■*■ 

a cos (tat +«)=( — a) cos {<*/+ i a -J- it) } 

then without the condition the complex amplitude may be written 

^'"andalsol-^)*'* -*-*). 

These two expressions are identically equal and therefore represent the complex ampli- 
tude in a univalued manner. 

A-ll. COMMENTARY ON CLAUSE 11: CONVENTION CONCERN- 
ING THE COMPLEX REPRESENTATION OF OPERATORS 

A-ll.l No commentary is necessary. 

A-12. COMMENTARY ON CLAUSE 12: CONVENTION CONCERN- 
ING THE GEOMETRIC REPRESENTATION OF COMPLEX 
QUANTITIES 

A-12.1 In Fig. 18 the angles are marked by arcs with arrowheads which 
serve to endow an angle with a sign. For this purpose the concept of the 
angle of a ' vector ' a with respect to another b is introduced and defined 
by the rotation that turns b into the position of a. The arc indicates the 
zone swept out in the rotation, the arrowhead indicates the direction of 
rotation. When the latter is counterclockwise, the angle is considered as 
positive. In Fig. 35 the angle 9 is positive, the angle 9— In rad is negative. 
In Fig. 18A the argument <j> is represented by the angle of ' vector ' X with 
respect to the positive real semi-axis. 
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Example: 



<P- 






Fig. 35 Geometric Representation of an Angle so as to 
Indicate its Sign 

A-13. COMMENTARY ON CLAUSE 13: CONVENTION CONCERN- 
ING PHASE DIFFERENCE 

A-13.1 The term ' phase displacement ' ( between two sinusoidal quantities ) 
is defined as the difference between the phases of these quantities at a given 
instant. This concept is used in the conventions as a quantity that may be 
positive or negative. For such a quantity the term ' phase difference ' seems 
to be more apt, and has been preferred to the term * phase displacement '. 

In order to attribute a sign to the phase difference <p ai of one 
sinusoidal quantity a with respect to another b, of the same period, and of 
which the phases are wr+« and tat +p respectively, it is necessary to chose 
between the definition 

* 6 = a — p 

shown in Fig. 19, and the contrary definition in which the letters a and p are 
interchanged. Preference has been given to that displayed in the equation 
because its use is more common. If the second sinusoidal quantity is taken 
as reference, then 

p — o; <p a6 ■> « 

The condition that d and b are positive is necessary in order that the 
phase difference shall be defined within an integral multiple of 2k rad. 
The sign of d opposite to that of b would result in a change in the phase 
difference by n rad. 

The term ' ( phase ) lead ( lag ) ' may represent a quantity that may be 
positive or negative; but it may also be used as a designation, as is 
mentioned in the Note. 

Considerations similar to those concerning arcs with arrowheads, given 
in 12 of the commentary, apply to straight lines with arrowheads in Fig. 19 A 
and 19C. The angle <p a5 is represented by the displacement that shifts b 
into the position of a. Consequently, the positive direction of angles is 
opposite to the positive direction of t. Thus the arrows that indicate the 
angles a and (3 in Fig. 19A and 19C have tails on the same line, just as do 
the curved arrows of Fig. 19B, 19D that correspond to them. 
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A-14. COMMENTARY ON CLAUSE 14: CONVENTIONS CONCERN- 
ING POWER 

A-14.1 In 14.4 the complex power ( or complex apparent power ) is defined 
by the equation 

S=P+jQ 

that is as the sum of its real and imaginary parts, as is the custom for 
complex numbers in mathematics. The outcome of this definition is that 
the argument f of the complex power 5 is the same as the argument of the 
corresponding complex impedance Z, as shown in Fig. 21A and 21C. In 
the Note 2 to 14.4 it is observed that the use of the quantity S* = P — jQ 
may be advantageous in certain cases. 

The expressions for the active power P and reactive power Q are 
derived as follows, ' active power ' is synonymous with ' mean power ', 
which may be represented by 

P = i 
From 14.1 the sign of p is that of mi, whence 

p = ui 
It may be deduced from 



that 



These relations lead to 



i = y/2 Re(/e jW ) 



ui= Re (£//*). 



P = Re(UI*). 

Reactive power is the product of the voltage and the reactive current, 
whence it may be deduced that 

| Q\ - |Im( UI*)\ 

According to 14.2, the reactive power absorbed by an inductive load 
is positive. The situation is illustrated by Fig. 36, the sign conventions of 
which satisfy 14.1; the direction of the arrow for p, pointing towards the 
load, indicates that the power absorbed by the load is being considered. It 
may be deduced from the figure that 

1m ( in* ) - Im[(R + jX)H* ] = XP, 

which shows for an inductive load, that is for positive X, that Im ( UI* ) is 
positive. These relations lead to 

Q = Im ( UI* ) 
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Example: 



1 



.£— 



Z-R + iX 



Fig. 36 Association of the Reference Indications of Power, 
Voltage and Current for a Load 
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